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ABSTRACT

We present a utility to tag and identify the MC decays using there the generator level information.
It also provides a tool to plot the distributions of various backgrounds in a generic MC sample
which helps in understanding the background sources. One can simply use some BASF2 variables

to separate out the signal and different sources of the background.
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1 Introduction

Identifying the possible sources of background is crucial for any analysis in the high energy physics.
In almost all of the analysis, generic MC sample is used to estimate the expected background.
To guess or identify the possible background one need to gain or have some experience. In order
to identify the background decays chain, one can look at the mother, grand mother IDs of the
reconstructed MC particles. But, tagging with reconstructed level information may get failed for
partially misreconstructed decays where we reconstruct a fraction of background particles as signal
event. Therefore we try to tag a particle decay using the generator level information. If we know that

the event is coming from a particular decay chain, we can easily understand or tag the background.

2 Tools used

The following tools have been used to extract the information and plot the shape of the different

background in any physical variables.
e Python, C++

« ROOT

. IIEX

3 Purpose and philosophy

In the BASF2 framework, isSignal module is already present which can identify the MCTruth signal
events but has some limitations. If the link between reconstructed and generated level information
is broken, we can not use it properly. There are two available packages one can use to understand
the background.

TopoAna: One need to dump the whole generated level information and then do offline study to
understand background. One need some level of expertise to use it. Further dumping the whole
generated level information may lead to increase the size of the root files. Space will be serious issue
in future. Also, it may not work properly for a decay linked with neutrino.

Tau decay tagger: There is also an another tool dedicated to tag the tau decays based on the
generator level information (without dumping the whole generator level information in the root file).
GenMCTag does the similar jobs generically for any particle with automated script.

As per we know, no generic utility is available to separate the decays based on the generator level
information. If one can tag the generic MC, one can easily make sense of which background to
expect. Philosophy of this utility is similar to the tagging procedure used by "Belle charmonium

group'. Aim is to have less variables in root files with maximum information. We wrote a python
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script that picks up all the decays corresponding to a particle and generate the module itself. In the
present situation, we consider all the B, D meson and 7 lepton decays. Further, we can extend our
project for any other particle. We also provide a plotting utility which can plot the distributions of

different background for any physical variable.

4 Implementation in the BASF2

Tool consists of different level of codes, while the users just need to use the last code.

Basic code generation: We provide a python script which run on the official DECAY.DEC
and can identify all the generated decay modes of the particle of interest (for now B+, BY, BY, D*+
DF, D° and 7F). Further one can extend to other particles. This generates an automatic C++
code which can now be directly plug into BASF2 as a module. The mentioned python script has to
be run only once if the DECAY.DEC get modified or new decay mode is added.

Main module: The automated modules we get from the previous section are placed in the
<analysis/utility> and compiled with BASF2. We placed a script (MCParticleTag.cc) in the
<analysis/variables> to store the tagging information in the BASF2 variables. Table 1 summarizes

all the scripts placed in the BASF2 framework.

Modular analysis directory  Scripts included Purpose
GenBplusTag.cc To tag BT, B~
GenB0Tag.cc To tag B°, B®
<analysis/utility > GenBsTag.cc To tag BY, BY
GenDTag.cc To tag D**, D*~, D¥, Dy, D+, D—, D° D°
GenTauTag.cc To tag 71, 7~
<analysis/variables> MCParticleTag.cc  Registering variables to get the tagging information

Table 1: Included scripts in the BASF2 framework

Usage: For an existing module, one simply need to add the variables to the ntuple. Table 2

summarizes the registered variables for the listed particles.

Example:
= vu.create_aliases_for_selected(
list_of_variables = ["BplusMode", "BminusMode"],
decay_string = "B+ > antiD0 pi+")
variablesToNtuple (decayString = "B+:Dpi", variables = B_variable,
filename = output_file, treename = "dpi", path = my_path)
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Particle mode

Anti-particle mode

Particle Variable Decay list Anti-particle Variable Decay list

Bt BplusMode Appendix A B~ BminusMode Appendix B
BY BOMode Appendix C B BbarOMode Appendix D
B BsOMode Appendix E BY BsbarOMode Appendix F
D DstplusMode Appendix G D*~ DstminusMode Appendix H
Df DsplusMode Appendix I D7 DsminusMode  Appendix J
DT DplusMode Appendix K D~ DminusMode Appendix L
DO DOMode Appendix M DO DbarOMode Appendix N
7T TauplusMode Appendix O T TauminusMode Appendix P

Table 2: Registered variables in the BASF2 framework

5 Demonstration of output

Particle mode Anti-particle mode

Particle not found -99 -99

+(Number of daughters)
+1001 to +dddd

-(Number of daughters)
-1001 to —dddd

Decay not found

Decay found

Table 3: Representation of particle decays.

Now we already have a number that reflects the information about the corresponding particle.
Here we represent all the particle mode (in the Table 2) with positive numbers greater or equals to
41001 and the anti particle modes with numbers less or equals to -1001. If desired particle does not
exist in the MC particle list, it reflects -99. For some of the hadronic decays (generated using the
PYTHIA), output particles may not be properly defined. If a particle decay does not match with
any of the defined decays (considering the above mentioned hadronic decays), it reflects the number

of daughters. Table 3 summarizes the strategy for the returned values.

5.1 Neutral B meson mixing

Neutral B meson (B°) and its anti particle (B°) are oscillating between each other. There is a
chance to have two B° or two B? at any instant. If a situation occurs with two B° then both of the
modes (BOMode and BbarOMode) will be filled with positive numbers (>1001) depending on the
two B® decays. For a situation with two B, both of the modes (B0OMode and Bbar0Mode) will be

filled with negative numbers (<-1001). For example:
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o Let us consider, there are two B instead of B® — BY.

e One B decays to D™ nuTv, (tag no +1035) and another decays to J/9KY (tag no +1729)

state.
o In that case, B mode variable (BOMode) will be filled with +1035.

« B° mode variable (BbarOMode) will be filled with +1729.

5.2 FSR inclusion

Kinematics of the daughter particles may change when there is any final state radiation (FSR) linked
with a particular decay vertex. It is important to know the number of FSR photons especially for
the events with 70 in the final state, less charged track multiplicity, missing energy analysis etc.
We consider those photons into account for all the decays. If there are FSR photons, the original
decay tag number £(dddd) will be reflected as +(N0dddd), where N implies the number of the FSR
photons.

For example:
e If there is any B~ — DTn~ 7~ decay, BminusMode will be represented as -1735.
e With 2 FSR photons from the B~ decay vertex, that decay mode will reflected at -201735.

e With 3 FSR photons from the B~ decay vertex, that decay mode will reflected at -301735.

6 Understanding of background using plotting utility

We also provide a ROOT based utility (plotMCTag.C) as an example to plot all the sources of
tagged background. Using this plotting utility, one can easily plot the background by plugging the
information stored in the root file. It can also be used outside the BASF2 framework. One has to
modify the inputs in the following lines.

input_rootfile « "example_input.root";

ntuple_name « "dpi'";

plot_variable « "deltakE";

Particle_variable « "BplusMode";

antiParticle_variable « "BminusMode";

= -0.15, = 0.15;
= 1730, = -1730;

get_Particle_decay = B_plus[j]; get_antiParticle_decay = B_minus/[]j];
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One has to provide the location of the root file (input_rootfile), name of the ntuple

(ntuple_name), variable to be plotted (plot_variable), stored BASF2 tagging variables (Particle_variable,

antiParticle_variable), range of the plots (Lower_cut, upper_cut), etc. Signal tag num-
bers (Particle_sigTag, antiParticle_sigTag) should be chosen from the Table 2. In the
case where signal mode is not included in the generic sample (like searches for new physics), one
should choose 999 and -999 respectively. Further, one can include or exclude the charge conjugate
mode. The possible background components are to be plotted in a postscript file with signal com-
ponents in the green colored histograms. All the component histograms will also be stored as an
output root file. As it tags both of the B, D and 7 particle in the pair, effective number of tagged

particles seems to be doubled for such cases.

7 Case study for the GenMCTagTool

We studied the background of some decays using this tool. In this section, we will discuss those one

by one.

7.1 For B~ — D7~ decay

This has been used to understand the background for B~ — D7~ decay by M. Kumar. Here we
check the background components for B~ — D%7r~ decay using the charged sample (MC13) with
AF variable. As one can see in the Figure 1, signal components have been appeared with green

colored histograms. One can then easily identify the possible peaking backgrounds.
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Figure 1: Some BT background components for B~ — D7~ decay.

7.2 For D’ — Klrtn~ decay

We check the background components for D° — K3n 7~ decay using the c¢ sample (MC12) with
AM variable. As one can see in the Figure 2, signal components have been appeared with green
colored histograms. Here Kg has been reconstructed from the 777~ instead of using the standard
Kg functions. Most of background components are expected to be flat near the signal peak. For
DY — ata~7wt7~ decays, one of the 777~ pairs has been misidentified and hence this mode is

peaking in the signal region.
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Figure 2: Some D° background components for D® — K2n 7~ decay.

8 Summary

We present a new tool for the background tagging using the generator level information. It also
comes with a plotting utility for quick and better understanding of the potential background. We
tried outcomes for different decays and find it to be easy and safe all the time. We will be happy to

merge this tool to the BASF2 framework to make it available for everyone.
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APPENDIX

A List of tag numbers for B™ decays

Tag numbers for the 825 BT decays are following.

D*0etu, +1001 DOyt +1023 Drtu, +1045
DO, 41002 Dty +1024 D30ty +1046
DVetu, +1003 Dt 41025 et v, +1047
Diletu, +1004 D3t +1026 netve +1048
- 0.+
D'letv, +1005 D mtyty, +1027 preTve +1049
_ _ +
Ds0etv, +1006 DOt +1028 welve +1050
‘et 1051
D~ rtety, +1007 D-rtpty, +1029 e ve 105
_ _ D(25)%ty, +1052
D¥07n0ety, +1008 DO7Outy, +1030 (25)
_ D*(28)et v, +1053
D= nTety, +1009 Dr = pty, +1031
~ Xuletv, +1054
D7lety, 41010 Dntrlutuy, +1032
- - uty, +1055
Drtrety, +1011 DOrO7%uty, +1033
B nutv, +1056
D~ rtrl%ty, +1012 DOt uty, +1034
Puty, +1057
DOn0n0%ty, +1013 D~ rtr%uty,  +1035
wpty, +1058
DOrtr=ety,  +1014 D070ty +1036
n' o, +1059
D*~rtrlty, +1015 DI Ktutv +1037 _
g D(25)°utv, +1060
D*0r070¢+ +1016 Dy K*u* +1038 _
e e s R P D*(28)°uty,  +1061
*— I+ ot N0+
Di"K"e'r, +1017 Dnu™v, +1039 Xupt, 11062
D; Ktetu, +1018 D Onuty, +1040 S 411063
Donetu, +1019 D07t u, +1041 ——— 11064
D*Onety, +1020 DOty +1042 POty +1065
D*uty, +1021 DYrtu, +1043 wrty, 41066
Dutu, +1022 D, +1044 ', +1067

11



a7,
Wrtu,
a9t
Jortu,
A2
fittv,
fartv:
hittu,
Wittu,
forTv;
flamtu:
D(28)7t v,
D*(28)°7tw,
Dfr°

Dt r0

p’ D}

Dt "

K*tny

Ky

K3ty

K’y
KI*"F,Y
K”*+’y

Xsuy

+1068

+1069

+1070

+1071

+1072

+1073

+1074

+1075

+1076

+1077

41078

+1079

+1080

+1081

+1082

+1083

+1084

+1085

+1086

+1087

+1088

+1089

41090

+1091

+1092

Ktete
nTete”
K*Tete~
Ktntn~etTe™
KtnnVete~
Ktgete~
Xsuete™
Ktptp~
T

K putu~
Ktota—ptpu~
K+ 070ty
Kt outp~
Xsuptu™
K*trtr-
K*trtr-

Xsurtr™

K*tn
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+1093

+1094

+1095

+1096

+1097

41098

+1099

+1100

+1101

+1102

+1103

+1104

+1105

+1106

+1107

+1108

+1109

+1110

+1111

+1112

+1113

+1114

+1115

41116

+1117

wK™T
wK*T
wp
o

PR "

KOzt
ng+
KOr*

KoK+

p(28)0m*
p(28)°K*
for™

JfoK™

+1118

+1119

+1120

+1121

+1122

+1123

+1124

+1125

+1126

+1127

+1128

+1129

+1130

+1131

+1132

+1133

+1134

+1135

+1136

+1137

+1138

+1139

+1140

+1141

+1142



KtK—nt
KtK-K*
KTK+tn~
K-ntg™
K+tKO0x0
K+K%
KtK%/
7t K70
7t K%
Tt K%/

I
a0y

mTenn

+1143

+1144

+1145

+1146

+1147

+1148

+1149

+1150

+1151

+1152

+1153

+1154

+1155

+1156

+1157

+1158

+1159

+1160

+1161

+1162

+1163

+1164

+1165

+1166

+1167

'
K+t7070
K*r%

K+7T077/

wrtn
wrtn

wrtry

7= rtata0

antrty

- ataty
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+1168

+1169

+1170

+1171

+1172

+1173

+1174

+1175

+1176

+1177

+1178

+1179

+1180

+1181

+1182

+1183

+1184

+1185

+1186

+1187

+1188

+1189

+1190

+1191

+1192

ataOnOr0

7T nmon0
O
aty/n0x0

atn'nn0

afmt

ag mor°

o+

Ao T
pt K*0
PO Kt
a0 F*0
7 TnK*°
T KT
7070 Foxt
aOnK*+t
Kt

7.‘.077/[(>k+

+1193

+1194

+1195

+1196

+1197

+1198

+1199

+1200

+1201

+1202

+1203

+1204

+1205

+1206

+1207

+1208

+1209

+1210

+1211

+1212

+1213

+1214

+1215

+1216

+1217
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ot K070
pT K
pt KO
pt Ko~
p Ktnt
PO KO+
PO K0
PP K
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wKOort
wK*r0
wK*y
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ataO7V KO
atyrO KO0
7 tgnK°
atr 0K+
ata nK™*
mOr0n0 K+
00K+
oK+
om0 K+

o K

+1218

+1219

+1220

+1221

+1222

+1223

+1224

+1225

+1226

+1227

+1228

+1229

+1230

+1231

+1232

+1233

+1234

+1235
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pt K0
PPKGT
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af K°
WKT

bt KO
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)
op*
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+1243

+1244

+1245

+1246

+1247

+1248

+1249

+1250

+1251

+1252

+1253
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+1257
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+1260
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KOKOxty
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KOK+7070
KOK+70y
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KOK+70y
KKy
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K K+nt
K*OKOx+
KO0+
K+ 0,0
K+K*0p
K+ R0y
K K050
K*+K0n
Kt K%
PR*T
KOt
ST 70

dK
oK

K- KtE*
KKK+

K+K*OKO

+1268

+1269

+1270

+1271

+1272

+1273

+1274
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+1277

+1278
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+1280
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+1286
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+1289
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+1291
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wpnt
wptm?

+

wp™n

wptn’
p07r+7r’7r+
POt 070
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w70
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7t 0707070
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+1318
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+1393

+1394

+1395

+1396
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o ptAYf, +1818 o Ajptata® +1822 o Sooptaat +1826

o APAOKH +1819 o Ajptatatsr +1823 « Soptatat +1827
o AOAOK*T +1820 o YoopT +1824
o AZptat +1821 o Yoptad +1825

B List of tag numbers for B~ decays

Tag numbers for the 825 B~ decays are following.

o« D%, —1001 e Dne~ 1, —1020 e Dnu~u, —1039
o« D% 1, —1002 « D1, —1021 e« Dy, —1040
« DV i, ~1003 « D'y 1, —~1022 « D7 i, —1041
e D1, —1004 « DO, —~1023 « D77, —1042
« D01, —1005 e Du 1w, —~1024 « D70, 1043
« D% 7, —1006 « Dy, 1025 « D70, 1044
e D**rme 0, —~1007 e D3, —~1026 « D0, 1045
e D707, —1008 « D1, —-1027 « D71, —1046
« Dtr e 7, —~1009 e D70, 1028 . 107, —1047
e D701, —~1010 « DY, —~1029 . ne 7, —1048
e Drtn=e 1, —1011 e D71, —1030 A7 —1049
o Dtrnl 1, —1012 o« Drtr—u~u, —1031 o we i, —1050
e DOn0n0¢ 1, 1013 « DY 0%, —~1032 . e, —1051
e Drtr—e p,  —1014 e D701, 1033 « D(25)% 7, —~1052
e D*tr V%1, —1015 o« Drtruu, —1034 e D*(25)% 7, —1053
o D*Op070e—p, —1016 . D*+7r77r0;fﬁﬂ —1035 o Xule 1, —1054
« DYK-e i, -1017 « D070~ 7, —1036 « 0", —~1055
« DK e 7, -1018 « DK, 1037 . U, —1056
e Dne 1, —-1019 « DYK~p 1, —~1038 « POu i, —1057
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wp Yy,

n vy
D(28)°u~ 1,
D*(28)°u" 1,
Xuu~w,

T Us
0T
PO,

WT Vs
n'T s

a7,

—1058

—1059

—1060

—1061

—1062

—1063

—1064

—1065

—1066

—1067

—1068

—1069

—1070

—1071

—1072

—-1073

—1074

—1075

—1076

—-1077

—1078

—1079

—1080

—1081

—1082

D7 —1083

D:=p° —1084
K*ry —1085
i~ 1086
Ky —1087
Py —1088
K'Tr 1089
K™y ~1090
K"y —1091
X sury —1092
K=ete™ —1093
T ete” —1094
K* ete™ —1095
Xsuete™ —1096
K-ntn~ete” —1097
K-nmYte~ —1098
K~ gete— ~1099
K-ptp~ —1100
T utu” —1101
K*~ptu~ —1102
K-nta—ptu —1103
K770t~ —1104
K-outu~ —1105
Xsuptp~ —1106
K777~ —1107
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K*r%r~ —1108
Xsurtr™ —1109
T Uy —1110
[T —1111
e Ve —1112
7070 —1113
Y —1114
nmw- —1115
nK~ —1116
K*™n —1117
pn —1118
n'm —1119
n K~ —1120
K* —1121
o~ —1122
wT™ —1123
wK~ —1124
wK*~ —1125
wp~ —1126
oz —1127
OK~ —1128
Ko7~ —1129
Kgn™ —1130
Kn~ —1131
KYK~- —1132



770 —1133

K70 —1134
PO~ —1135
PO K~ —1136
p KO —~1137
p— 0 —1138
p(28)07~ —1139
p(28)° K~ —1140
forr™ —1141
JoK™ —1142
ag K° —1143
adK~ —1144
adr~ —1145
ay —1146
form™ —1147
0™ —1148
KK~ —1149
K;=m° —1150
K;"K° —1151
K* 70 —1152
K*~K° —1153
K-ntn~ —1154
K Kt~ —1155
K KtK- —1156
KKt —1157

Ktn—n~ —1158
K- K70 —1159
K~ K% —1160
K-K% —1161
7~ KO70 —1162
7~ K% —~1163
7~ KO —1164
x~ 7o —~1165
7m0 1166
T —1167
Ty —1168
K~ n070 —1169
K—n% —1170
K—n% —1171
K=nn —1172
K-y —1173
K—n'v/ —1174
K-K°K° —1175
7 KK 1176
pp° —1177
PO~ w0 —1178
PP —1179
PO —1180
wr—m° —1181
wTTn —1182
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wrn —1183
p-mwt —1184
pTrn ™ —1185
p~ 070 —1186
p~mn —1187
pnm —1188
p~ o/ —1189
atr—amO —1190
Tt Ty —1191
atn~r n —1192
7~ am070 —1193
7 nnon0 —1194
7 nmm —1195
7' 7Or0 —1196
7 n'nm° —1197
alm= —1198
ay m° —1199
bm— —1200
by w° —1201
P~ fo —1202
p~ad —1203
play —1204
for—m® —1205
adm =m0 —1206
ag wom0 —1207
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7 0K
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K*~ fo

al K~
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WK~
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K+tK—7nn° —1263
KtK-71n —1264
KTK—n— v —1265
KK 0 —1266
K°K%r—n —1267
KK/ —1268
KK—ntn— —1269
KK~ 7070 —1270
KK—7% —1271
K°K=nn —1272
KOK—n%) —1273
K°K—m —1274
K**tK-m~ —1275
K*~Ktr~ —1276
KK~ —1277
KK O0n— —1278
K- K*0x0 —1279
K-K*p —1280
K-K*/ —1281
K*~KOr° —1282



K*—Kon
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PK 1
oK'

K KtK*
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—1291
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—1298
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—1300

—1301

—1302

—1303

—1304

—1305

—1306

—1307

OK'T —1308
K -KTK'] —1309
KK~ —1310
KtK-K K" —1311
KK KK~ —-1312
p0p0m —1313
p~p°m —1314
o~ p°n —1315
p~ '’ —1316
ptp ™ —1317
wpOm— —1318
wp~ Y —1319
wp™n —1320
wp™n —1321
pOrtr— ™ —1322
PP 070 —1323
PO —1324
PO/ —1325
w7070 —1326
wrnm° —1327
wr—n'm° —1328
pTm—n 70 —1329
pta—m —1330
ptn—n —1331
p-mrr 0 —1332
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p~ for' —1358
0 forr™ —1359
wfor™ —1360
p~adm® —1361
p~adn —1362
p~adn —1363
ptagn™ —1364
plag w0 —1365
plagn —1366
plagn’ —1367
fortm—m~ —1368
for~mO7Y —1369
for—70n —1370
for— —1371
adm =070 —1372
ag mo0n070 —1373
agm= w70 —1374
p~ K*~mt —1375
pTK*~m™ —1376
p~ K*070 —1377
p~ K*On —1378
p~ K0/ —1379
PP K*07— —1380
PP K*~ 70 —1381
PP K*™n —1382

PR
WK*O07r~
wkK*= 70
wK*™n
wK*
ata= K*On~
N
7 K070
a—n K070
-t K* 70
Tt K*ny
a T K* Ty
70720 =0
B
UY
70! K*= 0
my K~
p~ KOrtm—
p~ KO7070
o~ K00

p~ Ko/'x0
p~ K- ntn0
pt K—n— 70
pt Ko7~

PO KO 70
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—1393

—1394

—1395

—1396

—1397

—1398

—1399

—1400

—1401

—1402

—1403

—1404

—1405

—1406

—1407

O K~ 7070

PO K0

PO K~/ 70
WK~ 70

wK 7070
wK~nm°
wK—n'm°
a-nnt KOxr0
7r’7r77r+K'077
- nt Ko/
70O KO70
ﬂ"nﬂ'of(oﬂ'o
7r’7777f?07r0
K- n~
ata~ K70
atr nK 7°
atn K- n°
aOn0nO K70
7m0 K~ x0
7K~ m0
a0y K70
7O/ K~ =0
PO KO
pmK'n°

p~K§'n

—1408

—1409

—1410

—1411

—1412

—1413

—1414

—1415

—1416

—1417

—1418

—1419

—1420

—1421

—1422

—1423

—1424

—1425

—1426

—1427

—1428

—1429

—1430

—1431

—1432



p~ KO

p Ky wt
POK: w0
PP K5

P Ky
a~ - K30nt
7~ mOK3O0n0
- m0 K30
7m0 K0/
OO Ky~ 70
om0 K; ™y
OO Ky
K0 for—
K*= for®
K™~ fon
K*~ fon/
afK*~
afK "
a(l)[_(oﬂ_

al K*0

af K—nt
a;I_{OWO
K*~adr®
R’*Oagﬂ'o

K*O*07—

—1433

—1434

—1435

—1436

—1437

—1438

—1439

—1440

—1441

—1442

—1443

—1444

—1445

—1446

—1447

—1448

—1449

—1450

—1451

—1452

—1453

—1454

—1455

—1456

—1457

KO Fx— 0
K*K*
KKy
pp°m™
pwm™

¢ fom™
op~m
bpn
Pp1
ot
dpm—mOn0
om0

¢ 'm0
KK—ptn—
K'K=p=nt
KoK= p70
KK~ pn
KK~ o0/
KK ~wn®
KK~ for®
KtK—pn—
KtK—p~n°
KYK=p™n
KK~ p~nf
KYK-wr™
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—1458

—1459

—1460

—1461

—1462

—1463

—1464

—1465

—1466

—1467

—1468

—1469

—1470

—1471

—1472

—1473

—1474

—1475

—1476

—1477

—1478

—1479

—1480

—1481

—1482

KOKOp07—
KOKOwr~
KOKO for—
KOKO)~ 0
K°K%p
KOR’Op—n/
K'K*p~n~
KK+r— 770
K'K*tn—n—n
K°K+n—n—v/
KtK—atr—n~
KtK—7 %0
KtK—m nn°
KtK-n—n'n°
KOKOxtn—7n—
KOKO7= 7070
KK nr0
KOKO7 /70
KK-ntr— 70
K'K—ntr™n
K'K—atr—
KOK—mO7070
KK 7%n°
KYK—n%'7%

KOK+tn—n~

—1483

—1484

—1485

—1486

—1487

—1488

—1489

—1490

—1491

—1492

—1493

—1494

—1495

—1496

—1497

—1498

—1499

—1500

—1501

—1502

—1503

—1504

—1505

—1506

—1507



KT Ko7~ —1508

K*~Ktr—n0 —1509
K*tK-7n 70 —1510
KK 70 —1511
KOK*0n =70 —1512
K~ K*07070 ~1513
K- K*nr0 —1514
K~-K*9'7Y —1515
K*~ KO7070 —1516
K*~ K%n® —1517
K*~ K% '70 —1518
pK*~ 0 —1519
dK~p° —1520
PK~w —1521
dK~ fo —1522
PK p~ —1523
¢KOm—m0 —1524
OK - mtn~ —1525
K070 —1526
Km0 —1527
K —n'm —1528
KTK-K*7° —1529
K K**K—7° —1530
K~ K*K%70 —1531
K~ KK*070 —1532

KOK* K70 —1533
KtK-K—p° —1534
KTK K- w —1535
KTK-K~f —1536
K-KtK%~ —1537

K- K- Kt7%720  —1538
K-K-K*tnn° —1539
K-K-K*tn/'r° —1540

KTK-Ko%—7% —1541

KOKOK—n%70  —1542
KOKOK—nn0 —1543
KOKOK—n/n° —1544
KOKOKO7—70 1545
PK O~ —1546
pK; ™m0 —1547
PK: —1548
oK —1549
K-KtK; n° —1550
K-KtK;™n —1551
K-K+K;™n —1552
K-K-K;trn® —1553
K-K-K;™n —1554
KKKt —1555
K- KTK{n~ —1556
K-K- K+ —1557
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KKOK;O7r~ —1558
K~K}°K%7° —1559
K~K;°K% —1560
K~K;°K%/ —1561
K-K°K°x0 —1562
K~K}°K% —1563
K=K;°K% —1564
Py Gy ~1565
PK' 70 ~1566
dK'Tn —1567
SK'{ 1 —~1568
K-K+K'n= 1569
K-K+*K'[n° ~1570
K K*K'Tn —1571
K-K+K'[nf 1572
K K K'Tn° —1573
K-K-K'r+  —1574
K'KOK" )~ —1575
KKK’ 7° —1576
KK°K'[n —1577
KK°K'Tw/ —1578
KKK 97~ —1579
K°KOK'T 7° —1580
K°KYK'|'n —1581
K°K°K' v/ —1582



K-KK")70 —1583

K-K°K'\n —1584
K-K°K'}y —1585
K- K"\ KO0 —1586
K~ K'{K%% —1587
K-K'\K% —1588
K~ —1589
ppm™ —1590
PKTK K~ —1591
K KOK~ —1592
K Ko7~ —1593
PKOK 70 —1594

KtK-KTK-n— —1595
KtK-KYK%~ —1596
KtK-K-K%° —1597

KOKOKOK—79  —1598

PO+~ —1599
PKTK-K*~ —1600
PKOKOK*~ —1601
PKOK~K*0 —1602
PKTK-K-7n°  —1603
PKtK~ K7~ —1604
SKOKOK 70 —1605
KKK 7~ —1606
PK°K-K—nt  —1607

ay af

JJ K~
JJpK*~
J/pm
J/bp~

J/ WK~

J/ K70
J/VK',
JJK;~
JIVKy
J/pK - mtn
JJWK-KtK~
J/onK =

J/ oK~

J/pwK~

RV L

J/p~A°
P(25)K~
P(28) K"~
P(28) KO~
$(25) K~ m°
Y(28)K~mtm~
(28) K ~n07°
Y(28) Ko7~ 7°
(25) Ky
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—1615

—1616

—1617

—1618
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—1629
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—1632

(28T~
P(28)pK™
neK™

K7 ne
nckoﬂf
neK ~m°
neK - wtn~
neK ~m0r
nckowﬁro
1e(25) K~
K*7ne(25)
1c(28)KOn
1c(28) K~ 7°
ne(28) K-t~
ne(28) K~ 7070
ne(28) K07~ 70
Xco K™

K" Xco

Xeo K07~

Xeo Km0

Xeo Kt~
Xeo K 707"

Xeo K Om ™70
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—1636

—1637
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—1639
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—1651

—1652
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X1 KO~ —1658

XclK_TFO —1659
X1 K~ ntn~ —1660
X K07 —1661
Xer KO~ 70 ~1662
XelT —1663
Xe2 K~ —1664
Xea K"~ —1665
Xe2 K07~ —1666
Xeo Km0 —1667
XK mtn™ —1668
X2 K~ m0n0 —1669
Xe2 KO 70 —1670
Y(3TTOV K~ —1671
P(3TTO)K*~ —1672
Y377 Ko7~ —1673
Y3770 K~ 70 —1674

B(3TT)K -~ mtr—  —1675
Y3717 K 770  —1676

YBTTKO7 70 —1677

Y370V K —1678
P(416°) K~ —1679
he K~ —1680
D°D; —1681
D*9D7 —1682

S

D~ D —1683
D:=D*0 —1684
DD; —1685
D\D*~ —1686
DD —1687
DYD*- —1688
D3OD; —1689
D3ODx~ —1690
DDt 1691
D; D70 —1692
D*~Dtgn— —1693
D~ D0 —1694
D;Dtnn° —~1695
D; D77t —1696
D D770 —1697
D*~D*tr— 0 —1698
DDt —1699
D~ DO7070 —1700
D°D-K° —1701
D°D*~ K" —1702
D**D~K° —1703
D*9D*~ K° —1704
D°DOK~ —1705
D*°DOK~ —1706
D°D*OK~— —1707
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D**DOK~ —1708
D DTK~ —1709
D* DtK~ —1710
D D*tK~ —1711
D*~D*t K~ —1712
DD~ K*0 —1713
D*°D~K*0 —1714
DOD*~ K*0 —1715
D*D*~ K*0 1716
DODO K+~ —1717
D*ODOK*~ —1718
DOD*O K+~ —1719
D*OD*OK*~ —1720
D~ DTK*~ —1721
D*~DtK*~ —1722
D~ D*tK*~ —1723
D*~ D*tK* —1724
D—D° —1725
D*—D° —1726
D*OD~ —1727
D*OD*- —1728
D*On— —1729
DOr— —1730
p~ DO —1731
D*0p~ —1732
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DYp=n~
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D*0p= 70
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D3%p~
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DK~

DK~
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—1739
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—1749

—1750
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—1752

—1753
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K*—DO
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DDy
DD
D;,D°
DD
DK~K°
DK~ K*°
D*OK7R*0
DOwr—
D*Our—
DD’
DD’
cdiuuy
cS1uUUp
udcu

udcu

uscu

cseu

cdcu

uduts
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—1776
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wudiu
dddu
ssdu
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ddsii
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DK~ K°
DK~ K*°

DOrtr—n— 70

DO =g gtgt

D*tg~r n rt
Dinr~ K~
Diftr~ K~

DfK-K-

nky -

Ja K™
K397~
K*—K*O

liey
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—1784

—1785

—1786

—1787

—1788

—1789

—1790

—1791

—1792

—1793

—1794

—1795

—1796

—1797

—1798

—1799

—1800

—1801
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PR,

ppt K

D*~ety,
D= ety,
Dfe*ye
Di"etr,
D'l etv,

5 e,
D*0r~ety,
D*7Y%*u,
Dorn=etu,
D~ n%"tu,
D-ntn=ety,
Doﬂ_woe"‘ye
D 707x0%*ty,
D~ ntn—ety,
D*0r—rO%ty,

D*~ 1070t y,

—1808

—1809

—1810

—1811

—1812

—1813

—1814

+1001

+1002

41003

41004

+1005

41006

41007

+1008

41009

+1010

41011

+1012

+1013

+1014

+1015

+1016

pmA%y

5~ A070

p A7t
pA%°

p A
APAO K~

AOAO K+~

Tag numbers for the 1000 B® decays are following.

D= netu,
D* neTu,
D* uty,
D~ uty,
Dy pt v,

o KV
D'y vy
Dy ptvy
D*Oﬂ'_;ﬁ'yu
D*~rutuy,
Doﬂ'izﬁyu
D=ty
D ntruty,
DOW_WO/,L+VM
D=7t

T
D rrnTuTy,
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—1815

—1816

—1817

—1818

—1819

—1820

—1821

C List of tag numbers for B’ decays

+1017

+1018

+1019

41020

41021

+1022

+1023

41024

+1025

+1026

+1027

41028

+1029

41030

+1031

+1032

DOm0,
D*= 7%ty
D nuty,
D*~nutu,

D =1ty

D rty,
Dittv,

D rtu,
D'ittu,

Dy ttv,

T etTu,
petve
D(2S)"et v,
D*(2S) et v,
Xu~"etr,

T pty,

p~ 1ty

—1822

—1823

—1824

—1825

—1826

—1827

—1828

+1033

+1034

+1035

+1036

+1037

+1038

+1039

+1040

+1041

41042

+1043

+1044

+1045

+1046

+1047

+1048

+1049



D(28)" ptu, +1050 o K30 +1075 o 5ald +1100

D*(28) it +1051 o K" +1076 e nfo +1101
Xu pty, +1052 o Xsdy +1077 e np° +1102
Ty, +1053 e KO%tem +1078 . nw +1103
p TV, +1054 o K*0cte~ +1079 e naf +1104
ay Ty, +1055 o XsdeTe™ +1080 o nb? +1105
by, +1056 o T eTe” +1081 o n'n +1106
ag T, +1057 o KOutp~ +1082 e n'ad +1107
ay v, 41058 o K Outy~ 41083 e 7' fo +1108
p(28) "1y, 41059 o Tta s +1084 o 7/p° +1109
D(28) 7ty +1060 o Xsdutp~ +1085 . w +1110
D*(28)" 7t v, +1061 « KOrtr +1086 e n'al +1111
Dfr~ +1062 « K*0rtr- +1087 o 7B +1112
D; K+ 41063 o Xsdrtr™ +1088 e a9ad +1113
Ditr~ +1064 o ThmT +1089 o adfo +1114
DI~ K+ +1065 o momt +1090 o agp’ +1115
p~DF +1066 . 70 +1091 e adw +1116
K*tD; +1067 o 70 +1092 e alal +1117
Ditp~ +1068 o 7% +1093 o adby +1118
D~ K*t +1069 o 70f +1094 s fofo +1119
K*0y +1070 o 1w +1095 o for® +1120
wry +1071 o 7% +1096 e fow +1121
POy +1072 e 700 +1097 e foa? +1122
K0y +1073 . +1098 o fob? +1123
K"y +1074 o 41099 . K9 +1124
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oK}
nKg
nK}
'K
'K}
wK)
wK?
PK°
PK°
nk"®
nK°
' K°
' K°
wK?©

wK?©

on
on’
K*Op
K0y
K*Ow
Ppw
ww
wp

Ktn—

+1125

+1126

+1127

+1128

+1129

+1130

+1131

+1132

+1133

+1134

+1135

+1136

+1137

+1138

+1139

+1140

+1141

+1142

+1143

+1144

+1145

+1146

+1147

+1148

+1149

KtK~
KK
KOk
KOK?
KO70
ngo
Kgﬂ'o

KOK©

p(28) T~
p(28)~ 7+
p(38)Fm=

p(3S)~m"
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+1150

+1151

+1152

+1153

+1154

+1155

+1156

+1157

+1158

+1159

+1160

+1161

+1162

+1163

+1164

+1165

+1166

+1167

+1168

+1169

+1170

+1171

+1172

+1173

+1174

Qg ™
K*Oﬂ'o

K*OKO

7" KTKO°
KtK-K°
KTK~KY,
KTK-K?

KtTK—70

+1175

+1176

+1177

+1178

+1179

+1180

+1181

+1182

+1183

+1184

+1185

+1186

+1187

+1188

+1189

+1190

+1191

+1192

+1193

+1194

+1195

+1196

+1197

+1198

+1199



KTK™n
KtK—v
KOR0,0
KK
KOR’On/

KO7070

KOTI'OT]/
K
KOy
Ko

KOKOKO

+1200

+1201

+1202

+1203

+1204

+1205

+1206

+1207

+1208

+1209

+1210

+1211

+1212

+1213

+1214

+1215

+1216

+1217

+1218

+1219

+1220

+1221

+1222

+1223

+1224

P
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T

’/T+ 0

T

ata—m
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by m

ptag
Jortm~

fOﬂ'Oﬂ'O

T T

s

0

77_777r0

7 'm0
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+1225

+1226

+1227

+1228

+1229

+1230

+1231

+1232

+1233

+1234

+1235

+1236

+1237

+1238

+1239

+1240

+1241

+1242

+1243

+1244

+1245

+1246

+1247

+1248

+1249

VKt
anK*t

,n_—n/K*+

PO KOy

PP Ktr~
wKO70
wK%
wKO
wKTn~
atalr~ KO
7ty  K°

w0070 KO

+1250

+1251

+1252

+1253

+1254

+1255

+1256

+1257

+1258

+1259

+1260

+1261

+1262

+1263

+1264

+1265

+1266

+1267

+1268

+1269

+1270

+1271

+1272

+1273

+1274



700 KO
o K°
7070 KO
7o' K°
atr T KT
mOr0r~ K+
aonr~ K+
mr K
aOn'n~ K+
m'nT K
PPK°

p KT
Tt KGO
700 R0
KT
K0y
a{K°

ay K+
WK
brK*
K*0ad
K*tag
FCHO fH0
KK

op°

+1275

+1276

+1277

+1278

+1279

+1280

+1281

+1282

+1283

+1284

+1285

+1286

+1287

+1288

+1289

+1290

+1291

+1292

+1293

+1294

+1295

+1296

41297

+1298

+1299

pm T
K+tK—p°
KOK0p0
KtK-w
KK
KtK%~
K=K+
KtK—n—nt
KtK—n970
KTK—n%
KT K~
KTtK—a%’
KYK=m/
KOKOx—nt
KOKO7070
KOK97%,
KK %n
KORO70
KOR Oy
K K70
K*~K*r®
K0 70,0
KOR*0,0
K+K*0r~
K KO
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+1301
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+1305

+1306

+1307

+1308

+1309

+1310

+1311

+1312

+1313

+1314

+1315

+1316

+1317

+1318

+1319

+1320

+1321

+1322

+1323

+1324

K~ K*On+
K* KO+
HK*O
oKt~
HKOr0
K1
K-KTK*0
K-K*tK°
K* KtK°
KtK-Ktn—
K+K~ KO0
K+YK-K%%
KOKOKO’NO
KOKOKOﬁ
DK
K-KTKgO
KK *K°
K!"KtKO
oK'}
K-KTK"
(o)

PKTK~
PKOKO
KtK-KtK-

KOKOKtK~—

+1325

+1326
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+1328

+1329

+1330

+1331

+1332

+1333

+1334

+1335

+1336

+1337

+1338

+1339

+1340
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+1343
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+1345

+1346

+1347

+1348

+1349



KOKOKOKO

plpmt
wp~ T

p07r+7r’7ro
prtry
Oty

PO707070

OO0

po’lTO’r],ﬂ'O

wrtg— 70

+

wrrTTn

wrtry

CU’]TO’]TO’ITO

wronmO
w0/ 70
+

ptn ntr~

+1350

+1351

+1352

+1353

+1354

+1355

+1356

+1357

+1358

+1359

+1360

+1361

+1362

+1363

+1364

+1365

+1366

+1367

+1368

+1369

+1370

+1371

+1372

+1373

+1374

p+7r_7r07r0

ptr 7o
p+7r_7r0n’

+pto—

p T
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p mrmw

p o
p~ w0y

rtr atn 70

+ o=t

Tt T

to— ot
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7t 707070

+
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aOrOm0r070

7Or07070n

7.1.07.‘.07.(.07.[.0,',,/

afw
CLT7T77TO
afﬂfn
af T/
amtm~

a{ 070
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+1375
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Tag numbers for the 1000 B° decays are following.
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D*t Ko7~ —1934
D*~ K%zt —1935
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D' Dt —1939
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E List of tag numbers for B! decays

Tag numbers for the 264 B? decays are following.

. Ds_e+ue
e Di7eTu,
e Dietr.
e Dijetu,
o« D' ety

*— ot
e Diser,

. DT
e D D}
e DDy
e D:*Df
« DI Dt

« DIDK°

41001

+1002

41003

+1004

+1005

-+1006

41007

+1008

41009

+1010

+1011

41012

+1013

+1014

+1015

+1016

+1017

+1018

+1019

41020

+1021

+1022

+1023

DIDYK~
DD K°
D+ DK~
DFD—7OK°
Djbowff?o
DD nt K-
DD K~
DD nOK°
D+ Dn~ K°
DD ntK-
D+ DO K~
D:=D* K+
D D**tK°
D~ DK+
D:=DtK?
D; DK+
D;D*tK?°
D; DK+
D; DT K
D:= D*O K+
D~ D*tK*0
D:~DOK*+
D:=DtK*0

60

+1024

+1025

+1026

+1027

+1028

41029

+1030

+1031

+1032

+1033

+1034

+1035

+1036

+1037

+1038

+1039

41040

+1041

+1042

+1043

41044

+1045

+1046

D7 D*K*+
D D*tK*0
D7 DYK**
Dy D K*0
DD~
D*~Df

Dt D~

Dt D*-
D*D~ KO
DtDYK~
D*+*D~K°
D+ DOK—
DTD—70K0
D+tDOn~ K0
DtD nt K~
DtDOr0K -
D*t*D~70K°
D+ DO~ KO
D**D rtK~
D*+DOrO K~
D K+
DK™

D K*+

+1047

+1048

+1049

+1050

+1051

+1052

+1053

+1054

+1055

+1056

+1057

+1058

+1059

41060

+1061

+1062

+1063

+1064

+1065

+1066

+1067

+1068

+1069



K** Dy
J/n’

J/n

I/

J/PK°

JJWEK K+
J/YKOK°
JJYKOK 7t
J/YKO K+~
J/YKOKO70
J/YK~K+n0
I ot m™
J[pmOm
J/ynmtr

J [ymmOr?
I/’ mtm
J [/ wOm0
J/pmtm™

J /070
V(29
P(28)n
P(25)¢
PY(28) K~ K+
Y(28)K K°

Y(28)KOK ~mt

+1070

+1071

+1072

+1073

+1074

+1075

+1076

+1077

+1078

+1079

41080

+1081

+1082

+1083

+1084

41085

+1086

+1087

+1088

41089

41090

+1091

41092

+1093

+1094

»(28)K K070
(28K~ K+7°
B(28) gt
$(28)pr0n0
b(2S)nm ™
»(28)nm070
P28 m™
$(28)n'wOn°
P28 m
$(28)m0x"
Xcon'

XcoT

PXco
Xeo K~ KT
Xeo KK
X0 KO K7t
Yo KOK 070
Xeo K~ K+a?
Xe1n'

Xc1?

Xc1¢

X K~K*
Xe1 KOK°

X KO K7t
Yer KOK 070

61

+1095

41096

+1097

+1098

+1099

41100

+1101

+1102

+1103

+1104

+1105

+1106

+1107

+1108

+1109

+1110

+1111

+1112

+1113

+1114

+1115

+1116

+1117

+1118

+1119

X K~ K+7°
Xer¢pmtm™
Xe1¢mOm0
Xeinmtm™
o107
Xern'mhm™
Xe1n'm0m°
Xe2'

Xe27
X2 K~ K™
X2 KOKO©
X2 KK~
Yea KOKO70
X2 K~ K+7°
Nen

Nen

Pne

nK K+
n.KOK°
KK~ nt
N KO K70
neK - Ktr
negmta”
Ne¢mO?

nenm

+1120

+1121

+1122

+1123

+1124

+1125

+1126

+1127

+1128

+1129

+1130

+1131

+1132

+1133

+1134

+1135

+1136

+1137

+1138

+1139

+1140

+1141

+1142

+1143

+1144



+1145

+1146

+1147

+1148

+1149

+1150

+1151

+1152

+1153

+1154

+1155

+1156

+1157

+1158

+1159

+1160

+1161

+1162

+1163

+1164

+1165

+1166

+1167

+1168

+1169

P(25) K0

Di=p*
af Dy
Dy pnt
D;p*tr®
Dyn ntnt
Dy 7t n0
D;‘_a;r
Di=pnt
Di~pta®
Di~mg—rntgT
D~ nO0nt 70
D*ORO
DORO
K*ODO

D*O}?*O

62

+1170

+1171

+1172

+1173

+1174

+1175

+1176

+1177

+1178

+1179

+1180

+1181

+1182

+1183

+1184

+1185

+1186

+1187

+1188

+1189

+1190

+1191

+1192

+1193

+1194

udes
udes
uéds
c5US

USCS

K* pty,

Kipty,
K/1_N+Vu

K-K*

+1195

+1196

+1197

+1198

+1199

41200

+1201

+1202

+1203

+1204

+1205

+1206

+1207

+1208

+1209

+1210

+1211

+1212

+1213

+1214

+1215

+1216

+1217

+1218

+1219



o« KOKO +1220 .

o KIKY +1221 .
e KYKY +1222 .
o« TTK™ +1223 .
o KO +1224 .
o T +1225 .
e wn +1226 .
o wn +1227 .
e ¢n +1228 .
. o +1229 .
. wK° 41230 .
o $KO +1231 .
o« K gt +1232 .
o« ptK- +1233 .
o pPKO +1234 .

F List of tag numbers

R*Oﬂ_o
K*r K~
K*O[‘(O
K*K?
K*OKY
KK+
K*OKO
KK}
K*KY
n'n

n'n

m

K’On/
KO

R*On/

+1235

+1236

+1237

+1238

+1239

+1240

+1241

+1242

+1243

+1244

+1245

+1246

+1247

+1248

+1249

for B decays

Tag numbers for the 264 B? decays are following.

« Dfe 1, —1001 .
e Dife v, —1002 .
e Die v, ~1003 .
« Difeve —1004 .
« D'fe —1005 .
e Dife 7. ~1006 .
« Dip i, —1007 .
« Dtui, —~1008 .

D\u~ 0,
DZ(J)FU_’ju
Dlilﬂilju
D W
D:T_DT
Ditr o,
D:lT_DT
Dy 7oy

63

—1009

—1010

—1011

—1012

—1013

—1014

—1015

—1016

K0
prK*T
pOR*O
WK*O
K~ K+

K*OK*O

oy
petTe”
optp
Y

DK~

DI;T_DT
Dy oy
D;Df
D*+D<
D*~ D}
D~ D+
DI DT KO

D; DK+

+1250

+1251

+1252

+1253

+1254

+1255

+1256

+1257

+1258

+1259

+1260

+1261

+1262

+1263

+1264

—-1017

—1018

—1019

—1020

—1021

—1022

—1023

—1024



D:~D+KP°
D~ DK+
DI D+r0KO
D7 DOt K°
Dy Dtr K+
D DOnOK+
D~ D+r0 K0

D~ DOzt KO

D*~Dtr— K+

D~ DK+
D;‘+D*0K—
Dj*D**f(O
D+ DYK~
D:*D~K°
DFD*K~
DfD*~K°
DFDYK~—
DD~ K°
Dt D OK*~
D;‘+D*—f(*0
D DOK*~
Dt D~ K*0
DI D*OK*~
D;-D*—K*O

DFDOK*~

—1025

—1026

—1027

—1028

—1029

—1030

—1031

—1032

—1033

—1034

—1035

—1036

—1037

—1038

—1039

—1040

—1041

—1042

—1043

—1044

—1045

—1046

—1047

—1048

—1049

DFD-K*°
D;D*
D**D;
DDt

D~ D**

D~ DTK°
D-DK+
D*7D+KO
D*~ DK+
D~ D*tn0K°
D~ DOzt KO°
D Dtn K+
D—DOﬂ_OKJr
D*— D70 K0
D*= DO+ KO
D* Dtr~ KT
D*— DOnO K+
DK~
DfK~

Dt K+
K*Df
g/’

J/vm

I/

J/ KO

64

—1050

—1051

—1052

—1053

—1054

—1055

—1056

—1057

—1058

—1059

—1060

—1061

—1062

—1063

—1064

—1065

—1066

—1067

—1068

—1069

—1070

—-1071

—1072

—1073

—1074

J/WK-K*t —1075
J/WKOK° —-1076
J/YKOK 7t —1077
J/WKOK+n~ 1078
J/ YK K70 —1079
J/ WK~ K+r0 —1080
J/portr~ —1081
J/pmO70 —1082
J/ygrta —1083
JJymmOr0 —1084
J/pn'm —1085
J [/ w070 —1086
J/prta —1087
J /o0 —1088
V(28 —1089
¥»(2S)n —1090
(2S¢ —1091
Y(2S)K~ K+ —~1092
»(28)KK° —1093
Y(2S)K K+r—  —1094
Y(2S)K'KO7°  —1095

$2S)K-K+x®  —1096

P(2S)pn T —1097
¥ (28)pm 70 —1098
(28T~ —1099



»(28)nn070

Y(2S)n'm T

$(28)n'70n°
(28 mt ™
$(28)m 070
Xeot'

XcoT]

®Xco

XeoK K™
Xeo KK
Yo KOKtm~
Yeo KOK 070
Xeo K~ K+r?
Xer?'

Xe1?

Xc1¢

X K~K*
XclKOKO
Xa KOK*n~
Y KOKO70
X K~ K+
X tn™
Xe1¢mOm°
Xernm ™

Xernm'm

—1100

—1101

—1102

—1103

—1104

—1105

—1106

—1107

—1108

—1109

—1110

—1111

—1112

—1113

—1114

—1115

—1116

—1117

—1118

—1119

—1120

—1121

—1122

—1123

—1124

X' m ™ —1125
Xe1'wOm0 —1126
Xe21' —1127
Xe2T —1128
X2 KK+ —1129
X2 KOKO —1130
Yo KOK 7~ —1131
Yo KO K070 —1132
X2 K~ K+70 —1133
nen’ —1134
Nen —1135
Pne —1136
nK KT —1137
nKOKO —1138
neKOK*tn~ —1139
N KOK 070 —1140
neK~ Ktz —1141
Nepmm™ —1142
NepmOm —1143
nenmtw —1144
nenm 07 —1145
Nen'm ™ —1146
nen/w0m® —1147
N.(25)n’ —1148
1:(25)n —1149

65

#nc(2S) —1150
n.(28)K~ K+ —1151
n.(2S)K°K° —1152
n:(28)K°K+r—  —1153
n.(2S)K°K°7°  —1154

ne(29)K-K+x®  —1155

hen' —1156
hen —1157
heo —1158
he K~ K+ —1159
h KOK° —1160
he KOK+tm— —1161
he KOKOr° —1162
he K~ Ktr0 1163
J/ oo —1164
J/YKY —~1165
J/ K0 1166
Jprtn ot —1167
J/f1 —~1168
Y(2S)K 7t —~1169
Y(28)K*° —~1170
Dfin= —1171
Dip~ —1172
D —1173
Ditn~ —1174



Din~ —1175
p~DF —1176
Ditp~ —1177
ay DY —1178
DfpPr~ —1179
Dfp~nY —1180
Dfrtra—n~ —1181
DfnO7—n0 —1182
Ditay —1183
Dt pOn— —1184
D:tp=rb —1185
Ditptr—qn~ —1186
D070 —1187
D*OK° —1188
DYKO —1189
K*Op° —1190
D*OK*0 —1191
ptp~ —1192
csoudy —1193
csjudy —1194
udcs —1195
udcs —1196
ucds —1197
csus —1198
uscs —1199

uscs —1200
UCSS —1201
cdcs —1202
édcs —1203
uuds —1204
ddds —1205
5sds —1206
UUSS —1207
ddss —1208
5588 —1209
s5 —1210
Kte~ 1, —1211
K*te~ 1, —1212
Kie v, —1213
K'fe v, —1214
K+u=u, —1215
K*uw, —1216
Kfu o, —1217
K'{un, —1218
KK+ —1219
K°K° —1220
KK —1221
KYKY —1222
T Kt —1223
O KO —1224

66

wr
wr)
on
on’
wkO
PK°

K tn—

PO KO
K*Oﬂ'o
KK+
K*OKO
KK
K*KY
KK~
K*OKO
K*OKg
K*OKg
n'n

n'n

m

KO
K%

K*On/

—1225

—1226

—1227

—1228

—1229

—1230

—1231

—1232

—1233

—1234

—1235

—1236

—1237

—1238

—1239

—1240

—1241

—1242

—1243

—1244

—1245

—1246

—1247

—1248

—1249



.« K*0p —1250 o K*OK*0 —1255

o« pK*t —1251 . OO —1256
o pPK*0 —1252 o« ¢K*0 —1257
o wK*O —1253 o ppt —1258
o« K* K*t —1254 o« 77T —1259

G List of tag numbers for D*" decays

Tag numbers for the 3 D** decays are following.

o« DOt +1001 e Dty0 +1002

H List of tag numbers for D*~ decays

Tag numbers for the 3 D*~ decays are following.

o DV~ —1001 e D70 —1002

I List of tag numbers for D} decays

Tag numbers for the 84 DI decays are following.

o detu, 41001 o pty, +1011
e net v, 41002 o« TTu, +1012
o ety +1003 o ¢mT +1013
o K%tuy, +1004 o nut +1014
o« K*0cty, +1005 o 't +1015
. dutyy, +1006 o wrT +1016
o nuty, +1007 o POt +1017
o« Wuty, +1008 o ptmd +1018
. f(O/fLI/H 41009 o wtml 41019
o« K%y, +1010 o forr™ +1020

67

oy
pe—et
Pu
gl

D; K+

Dty

forr*

+o—at

T

s
ot
nrt o
7r

nmw

orta—nt

—1260

—1261

—1262

—1263

—1264

+1003

—1003

+1021

41022

+1023

+1024

+1025

+1026

+1027

+1028

+1029

+1030



o ¢prta0n0 +1031

o nrtrrt +1032
o nutadn0 +1033
o KK+ 41034
« KK+ +1035
o« KOK+ +1036
o« K*OK* +1037
o« K*TKO +1038
o KK+ +1039
o« KOK*70 +1040
o« K¥OK+70 +1041
o K*TKO70 +1042
o K*OK*t70 +1043
o KtK—nt +1044
. KgK+7T+7T_ +1045
. K2K+7r+77_ +1046
o« KOK+ptrn— +1047
o« KOK+7070 +1048

KtK—nto—nt

K *

p0K+
KOrtqg0
af K°
K*O7T+

K*Op+

+1049

41050

41051

41052

+1053

+1054

+1055

+1056

+1057

+1058

+1059

+1060

+1061

+1062

+1063

+1064

41065

41066

J List of tag numbers for D, decays

Tag numbers for the 84 D7 decays are following.

. g, —1001
o Me U, —1002
e Ne U, —1003
o K% 1, —1004
o K*0¢™ 1, —1005

T
Nw~ vy
0oy,
Ku~w,
K=,

68

—1006

—1007

—1008

—1009

—1010

K*07T+7T0

K+x0

Ktntn~

rtotntn—n~

+1067

+1068

+1069

+1070

+1071

+1072

+1073

+1074

+1075

+1076

+1077

+1078

+1079

+1080

+1081

+1082

+1083

+1084

—1011

—1012

—1013

—1014

—1015



forr™
Jam™
op~

KK~

K*fKO

—1016

—-1017

—1018

—1019

—1020

—1021

—1022

—1023

—1024

—1025

—1026

—1027

—1028

—1029

—1030

—1031

—1032

—1033

—1034

—1035

—1036

—1037

—1038

K*OK*—

KOK—70

K*OK—nY

K*~ K%Y

K*OK*— 71'0

KTK—n~

KYK—ntm™
KYK—ntn™
K'K—ntm™
KK—7%70

K Kto—ntn~

e

nK - ntn~
n’K_ﬂ'O
nK-atn~

K-K K+

69

—1039

—1040

—1041

—1042

—1043

—1044

—1045

—1046

—1047

—1048

—1049

—1050

—1051

—1052

—1053

—1054

—1055

—1056

—1057

—1058

—1059

—1060

—1061

P°K~ —1062
KO n0 —1063
a; K° —1064
K7~ -1065
K*0p~ —1066
K770 —1067
K-V —1068
K-ntn~ —1069
atate ™ —1070
atrta r—n-x® —1071
pn? —1072
KYK2ntn—n— —1073
KYKOrtm—m— —1074
KKt r=7=  —1075
Kirtn— —1076
Kirtn—n~ —1077
Kortm—m— —1078
K-K—nt —1079
K%~ 1, —1080
K*e 1, —1081
K-K*tr—n° —1082
wmr~ 0 —1083
wr ot —1084



K List of tag numbers for D" decays

Tag numbers for the 84 D decays are following.

o K9ty
o K%tu,
o Kfetu,
o I_(§Oe+ye
o ety
e netu,

o netu,
o pletu,
. we
o K—ntetu,
o KO0zlety,
« K%ty,
o Kuty,

o KPutv,

. RQ*OU+VM
° WOU+V;L

o nuty,

s M

41001

+1002

+1003

+1004

41005

+1006

+1007

41008

41009

+1010

+1011

+1012

+1013

+1014

+1015

+1016

+1017

+1018

+1019

+1020

+1021

+1022

+1023

Ty,
Kg7ﬁL
K27r+
KO+

aj K§

af K7

ai K°
K/(l)ﬂ.+
K*Op+
K-—ntnt
K2ntn0
KYntr0
KO7t+70
K9pnt
K pOnt
K007+
KOrt
K ptrt
K*gntgt
K070t
K*O[JOW+
K*0wrt

K- ntgtqg0

70

+1024

+1025

+1026

+1027

+1028

+1029

+1030

+1031

+1032

+1033

+1034

+1035

+1036

+1037

+1038

+1039

+1040

41041

+1042

+1043

+1044

+1045

+1046

Klntntmr
KOrtota—
Kortata=
K- rntatrta~
K-ntrta0z0
Kortpta—70
KOt a07070
KKK
KYKYK™
KKK+
o

o0

KK+
KK+

KK+
K*OKJr
K*tK?}
K*TK¢
K*tK°
KtK—nt
K+KO70
KOKOr+

K*+K-nt

+1047

+1048

+1049

41050

+1051

+1052

+1053

+1054

+1055

+1056

+1057

+1058

+1059

+1060

+1061

+1062

+1063

+1064

+1065

+1066

+1067

+1068

+1069



L

rtata—n0

ataOnOr0

nrt

List of tag numbers

+1070

+1071

+1072

+1073

+1074

+1075

+1076

+1077

+1078

+1079

+1080

+1081

n'nt
nrt 0
nrtata~

nrtr0n0

rtotntn o~

KtK-7ntz0
KTKdntm
K+K27T+7T7
K+tKOrt7n—
KYK—7mtrt
KYK-—ntrnt

KOK—ntat

Tag numbers for the 84 D~ decays are following.

K¢~ 1,
K%~ 1,
K%~
K31,
71'06_17e
ne Ve
n'e v,
ple” v,

we Ve
Ktn-e v,

K%Y~ p,

—1001

—1002

—1003

—1004

—1005

—1006

—1007

—1008

—1009

—1010

—1011

K=,
KO,u_DM
Kip~ v,
K3,
TI'O,LL_DM
ne= vy

n vy,
T
wp Yy,
K+7T_[L_ﬁu

Kru=w,

71

+1082

+1083

+1084

41085

+1086

+1087

+1088

+1089

41090

+1091

+1092

+1093

for D~ decays

—1012

—1013

—1014

—1015

—1016

—1017

—1018

—1019

—1020

—1021

—1022

KtK-—ntatn—

K+K-KOr+
K+K-K9n+
K+YK~ K+
K+

K*r70
Kteta—
KTKTK~
K= pntnt
n'rtw

K+p°

+1094

+1095

+1096

+1097

+1098

+1099

+1100

+1101

+1102

+1103

+1104

—1023

—1024

—1025

—1026

—1027

—1028

—1029

—1030

—1031

—1032

—1033



ng’fr_ﬂ'o
K27T77T0
KOr— 70
K2p7~
KYpOn~
K907~
KOo%wr—
Ktp=n~
K*tr—n~
K*O0n07r—
K*opoﬂ—
K*Owr—
Ktn—nn°
Klr—n— 7t
Kdn—n— 7t
Kor—n—nt
Ktn—nrnm
Ktn—n= 070
Kon—n—ntn0
KO~ m0r070
KgKgK’
KYKYK-
KOKOK—

¢

—1034

—1035

—1036

—1037

—1038

—1039

—1040

—1041

—1042

—1043

—1044

—1045

—1046

—1047

—1048

—1049

—1050

—1051

—1052

—1053

—1054

—1055

—1056

—1057

¢ w0 —1058

KYK~ —~1059
KYK~ —1060
KYK- —1061
KK~ —1062
KK} 1063
K*~ K9 —1064
K*~K° —1065
K- Ktr- —1066
K- K70 —1067
KKO7r~ —1068
K*~Ktr~ —~1069
K- K*tr~ —1070
K*~KOr0 —1071
K~ K*070 —1072
KK~ —-1073
KOK*On— —1074
70~ —~1075
PO~ —1076
no T —1077
7~ w00 —~1078
7 ata w0 —1079
70070 —1080
nmw- —1081

72

n'm —1082
nn~ 0 —1083
nr b —1084
nn~non° —1085
vt —1086
K*%ay —1087
KtK—n 70 —1088
K- Krtm~ —1089
K- Kntr— —1090
K-Kr*tr~ —1091
KYKtn—m~ —1092
KYKtn—m~ —1093
KK*r—m~ —1094
KTK—atr~n~  —1095
KTK-K{r~ —1096
KtK-K%7r~ —1097
KtK-Kr— —1098
K=Y —1099
K—ntn~ —1100
K-KtK~ —1101
Ktplnm—7— —1102
'm0 —1103
K—p° —1104



M List of tag numbers for D" decays

Tag numbers for the 136 D° decays are following.

o K* ety +1001 o K3/ +1024 o K*07070 +1047
o« K etu, +1002 o K99 +1025 o K* mtn0 +1048
. Kietu, +1003 .« KO +1026 o« K—ptn® +1049
o Ky etu, +1004 . wK? +1027 o K—7tp° +1050
o T ety +1005 . WK? +1028 o« K rtw +1051
e pety, +1006 . wK° +1029 « K7ty +1052
e« KOn~etu, +1007 « K™ +1030 o« K—mty +1053
o« K-ml%ty, +1008 o K*Oy +1031 o K-ntrtna~ +1054
o« K* uty, +1009 e af K~ +1032 o Kortn—7° +1055
o« K—uty, +1010 « K* p* +1033 o KVntm— 70 +1056
o Kipty, +1011 o K*0p0 +1034 o Kontn—n0 +1057
o K3 pty, +1012 o K* +1035 o« K ntnta=n® 41058
o« T uty, +1013 o K—ntn® +1036 o K nta0zn070 +1059
. puty, +1014 « K*BRr® +1037 o Kirtn—mtn™ 41060
. KOTF7[L+Z/H 41015 o Kymh +1038 o Kdntn—mtn~ +1061
o K—nuty, +1016 o K970 +1039 o KOrtr—mta=  +1062
o« K7t +1017 o Kyrtr +1040 . OKY +1063
o K70 +1018 o« KOrtr~ +1041 . 0KY +1064
o K970 +1019 o KOntn~ +1042 . ¢K° +1065
o KO0 +1020 o Kon0n0 +1043 o KIKTK~ +1066
o Kdn +1021 o K9n070 +1044 e KVKTK~ +1067
. K97 +1022 o KO7070 +1045 o KOKtK~ +1068
. K% +1023 o KX 0rtr~ +1046 o KIKJKY +1069
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« KtK~— +1070 o ptn— +1093 o KOnr0 +1116

« KYKY +1071 o poT +1094 o KOK*7~ +1117
0 770 0.0
. K9K9 +1072 o P01 +1095 . KVK+r 11118
o« K*OKO +1073 o« wtm—m0 +1096 _
o KOK+n~ +1119
o K*KY +1074 o m0n0r0 +1097
« KOK— 7t +1120
o K*OKY +1075 o mtrtrTa~ +1098
o KOK—nt +1121
o K*OKO +1076 A +1099
o KOK—rnt +1122
e K*~K*+ +1077 o mta atn 70 +1100
o« KOKOK*+7— +1123
o« K*K- +1078 o 7t n0n070 +1101 58
. KK 41079 e rtreatrontae 41102 * KEELKYTT +1124
.« G0 11080 . 7Kt 1103 K°K°K*z~ +1125
o omtw™ +1081 o TTK*T +1104 o KYKJK 7t +1126
o KTKrwtn~ +1082 o T Kt70 +1105 o K?K?KfﬂJr +1127
e K+tFK—70-0 o Ktm—mtm— _
K™K n'nm +1083 K n—nrrm +1106 . KOKOK—mt 11128
o« KOKOrtn— +1084 o ptu +1107
S5 e e K-rtnetv,  +1129
o KVKOrtm— +1085 o 7 +1108
o pOp° +1130
o KOKOgtg— +1086 o KOgtg—q0 +1109
) o Nt +1131
o KOKO7070 41087 o K ntn—ntrn—nt +1110
o wrtn™ +1132
o Thm™ +1088 o KTK— 70 +1111
/o4 —
. +1133
« 7070 11089 o KFK-ataa® 41112 e
!
R 411090 o KYK-K-nt 41113 * M +1134
o 'm0 41091 o Knr® +1114 . ¢y +1135
o +1092 o K9nn® +1115 o K0y +1136

N List of tag numbers for D" decays

Tag numbers for the 136 D° decays are following.
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K*te v, —1001
Kte v, —1002
K{fe v, —1003
K;te v, —1004
mte e —1005
pte v, —1006
Knte v, —1007
Ktrle™p, —1008
K*u=u, —1009
Ktp=u, —1010
Kfp~ v, —1011
Ktu v, —1012
Ttu o, —1013
ptu o, —1014
K07r+,u_DM —1015
K*tau~p, —1016
K*n~ —1017
K9r° —1018
KQr® —1019
K70 —1020
K9n —1021
K97 —1022
KO —-1023
K/ —1024
K9y —1025

KO ~1026

wK) —1027
wK? —1028
wK° —1029
K*On —1030
KOy —1031
af K+ —1032
K*tp~ —1033
K*0p0 —1034
K*0w —1035
Ktn=n0 —1036
K*ORr" —1037
Kin~ —1038
K970 —1039
Kontn— —1040
Kontn— —1041
Kdrntn— —1042
K2r070 —1043
K770 —1044
KO7070 —1045
K Ontg= —1046
K*07070 —1047
K*tg—q0 —1048
Ktp=n0 —1049
Kta=p° —1050
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Ktn~w
K*tnn
Ktn—v
Ktn—atr™
Kg7r+7r’7r0
Kontp—n0
Kortm=70
Ktr—atr 70
Ktn= 07070
Kg7r+7r_7r+7r_
Kintn—ntm™
Korta—gtn—
SR

¢K7

KO
KYKTK~
KYKtK~—
K'KTK~-
KOKOKY
KTK~

KOK?

Ky K}

K*OKO
KK}

K*OK%

—1051

—1052

—1053

—1054

—1055

—1056

—1057

—1058

—1059

—1060

—1061

—1062

—1063

—1064

—1065

—1066

—1067

—1068

—1069

—1070

—1071

—1072

—1073

—1074

—1075



o K*K° ~1076 o 07070 —1097 o KVK—mt —~1118

o K*K~ —1077 o mhata T~ —1098 o KOK—7t ~1119
o *— J+ — o 7ta— 7070 —
KK 1078 Tt 1099 . KgK+7T_ ~1120

o K*K*0 —1079 o ntr atrx0 —1100

« KOK*r~ —1121
o on° —1080 o 7T 107070 —1101 ~

o KOK+n— —1122
o pntmwT —1081 o mhr ataTatrT —1102

« KOKYKTm~ ~1123
o KtK—mtm— —1082 o TTK™ —1103

« KYKVK*7~ —1124
o KTK 7070 —1083 o TTK*~ —1104

. 0 170 17+ — _
. KOKOmtn— 1084 . 7K 1105 KORCK T 1125
o KOKOmtr— ~1085  « K-mtrta- —1106  * KSKGK- 7" —1126
o KOKOntn~ —1086 o upt —1107 e KVKYK—nt —1127
o KOKO7070 —1087 e oM —1108 e KOKOK—7+ ~11928
o mThg~ — o« K*0 + —0 _

T 1088 K nrn™m 1109 . Ktn-nte—p, 1129

o 070 —1089 o Kto—m—wta—nt —1110

o pp° —1130
o —1090 o KTK—70 —1111

o —1131
o 'm0 —1091 o KtK—ntn—n0  —1112

o wr Tt —1132
- ~1092 o« KTKtK 7~ —~1113

o n'nnt —1133
« ptre ~1093 e K9nn® 1114

[ ] / J—
« port ~1094 o K9pr0 ~1115 m 1134
o pOn® —~1095 o KO0 1116 . —1135
o wta a0 1096  » KOK 7t 1117 o K*0y ~1136

O List of tag numbers for 7+ decays

Tag numbers for the 50 7+ decays are following.
o eV, +1001 o T, +1003 o mtalu, +1005
o uty,u, +1002 o KT, +1004 o vyt 41006
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. 7TO7T07T+DT

o U, Ktr0n

0

o U mtr0n0r0

. 1?.,.7r+7r07r07707ro

o Ut KO

. ﬂTK"'RO

o 7, K97t KO

o U, Kt70KO

o vt KO

A b 78

o UymtnT

o vontntr—alrn

o voptptr— 707

0

+

™

o v, Ktgn—rmt

o v, Ktnnta0

0

0

0

0

™

0

+1007

41008

41009

+1010

+1011

+1012

+1013

+1014

+1015

+1016

+1017

+1018

+1019

41020

+1021

v, KtntK~
v, KTK K™t

vpntntata—n—

+1022

+1023

+1024

ventotetr 7041025

K**u,
vynm 0

+om©

UrT
v Ktw
K*Ortp,
KOK+p,
¢t v,
PK* v,
ptv, ey
eTv iy

K+l

+1026

+1027

+1028

+1029

+1030

+1031

+1032

+1033

+1034

+1035

+1036

P List of tag numbers for 7~ decays

Tag numbers for the 50 7~ decays are following.

o € Ugls

o W DuVr

o T Us

o K v,
0

o T T Us

o U YT T

o T T T Vs

o v, K707

0

—1001

—1002

—1003

—1004

—1005

—1006

—1007

—1008

v n0n0r0

V.,-7T77T07T07TO7TO
V.,-7T7KO

v, K~ KO

v, K9~ KO

v, K~ 7OKO
VﬂFf(OWO

+

T T T Vs

7

—1009

—1010

—1011

—1012

—1013

—1014

—1015

—1016

nrt 0700,
nK*o,
nK**tu,
nK+7%u,
nKrtu,

f177+777'

VTW7W+77WO

+.0.0

Ve T W WO

1/77r77r77r+7r071'07r0
v, K- ntn~
v, K ntn— 0
v, K- K+t
v, KTKtK~

ot

VT W MW

+1037

+1038

+1039

+1040

+1041

+1042

+1043

+1044

+1045

+1046

+1047

+1048

+1049

+1050

—1017

—1018

—1019

—1020

—1021

—1022

—1023

—1024



vy w0 —-1025

K v, —1026
vynm 7l —1027
vy~ wrd —1028
v, K~ w —1029
K1~ v, —1030
KK~ v, —1031
oT Uy —1032
oK v, —1033

W Ve
€ Velr7y
K,

K% v,

7 KO7x070y,
7~ KOKO7O,
K- Ktn 7%,

ee"etv.,

K v,

78

—1034

—1035

—1036

—1037

—1038

—1039

—1040

—1041

—1042

K'lv, —1043
K™ v, —1044
nr~ 0, —1045
nK~ v, —1046
nK* v, —1047
nK v, —1048
nK'r~ v, —1049
hm~vr —1050
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